Few studies have examined secondary production of larval damselflies (Odonata:Zygoptera) despite the importance of these insects in freshwater communities (Lawton 1971 , Benke et al. 1984 , Gaines 1992 , Dudgeon 1989a ). In general, production estimates for odonates are fewer for lentic species than for lotic species (Table 7) which is surprising given the common occurrence of odonates in the littoral zone of lentic ecosystems. Larval damselflies are often abundant in such littoral zones and are both important generalist predators as well as prey for invertebrates and fish. Consequently, larval damselflies contribute to community production and are important intermediate links in food webs of freshwater littoral communities.
Telebasis species (Coenagrionidae) are widespread in southern and southwestern USA and are commonly associated with submerged macrophytes (Smith and Pritchard 1956 , Pennak 1978 , Westfall 1984 . Telebasis salva is the most common of the two species in North America, but production estimates for this species are lacking.
Telebasis salva is the most abundant predaceous aquatic insect in the littoral zone of Montezuma Well, Arizona (Blinn and Sanderson 1989) . High secondary production estimates have previously been reported for a predaceous heteropteran, Ranatra montezuma (Runck and Blinn 1990), and an amphipod prey, Hyalella montezuma (Dehdashti and Blinn 1991) , in the thermally constant environment of Montezuma Well. We undertook a study of secondary production by T. salva to compare production estimates of an odonate in a fishless, thermally constant environment with production estimates of odonates in other aquatic ecosystems. We also examined the role of T. salva in the trophic structure of Montezuma Well. 
Study

Methods
Population dynamics
We tested three collection methods for sampling Telebasis salva nymphs in the macrophytes. The high standing crop of submerged Potamogeton (annual range = 86-450 g dw/m2, Runck and Blinn 1990) and a deep littoral water column in Montezuma Well made sampling difficult to perform at certain times of the year, e.g., early summer through fall. Telebasis species are characterized as climbers on aquatic macrophytes and T. salva nymphs have never been observed in littoral dredge samples in Montezuma Well.
The first method employed a stove pipe (20 x 50 cm) which harvested vegetation with associated fauna. The stove pipe was lowered over the vegetation to a depth of 50 cm, the enclosed vegetation was cut from below with grass clippers, and a tight-fitting lid was immediately placed on the bottom of the stove pipe. The central portion of the lid was nylon mesh (0.16 mm), which allowed water to drain but retained all organisms. The second and third methods employed a plankton net (154 ,m mesh, 20 cm in diameter) to collect T. salva nymphs from two strata of the littoral water column: 0-50 cm and 0-100 cm. To perform the vertical net tows, the net was lowered to a depth of either 50 or 100 cm and pulled vertically to the water's surface along a different path from which it was lowered. The plankton net tows and the stove pipe sampled the same area (314.1 cm2), but the 50-cm tow and the stove pipe sampled half the volume (15.7 L) of the 100-cm tow (31.4 L).
Twelve stove pipe samples and 12 each for 50-cm and 100-cm tows were collected at 3-wk intervals ( A 95% confidence interval (?2 SE) was computed for the secondary production estimate after the method described by Krueger and Martin (1980). To calculate the means and variances described by Krueger and Martin (1980) , and to incorporate the Pe/Pa data, we multiplied the raw field data (nj per size class, sample, and date) by Pe/Pa x growth period/CPI x c, as described by Menzie (1980) . This product can be viewed as a size-class-specific constant. Krueger and Martin ( 
Results
Statistical comparisons of the three collection methods revealed significant differences among estimates for areal (p < 0.001) and volumetric (p < 0.001) densities of T. salva nymphs ( Table  1) . The stove pipe, 50-cm, and 100-cm tow sampled the same area, but the 100-cm tow sampled twice the volume of the other two methods (see Methods). The estimated areal and volumetric densities of nymphs were significantly higher for the 50-cm tow than for either the stove pipe or 100-cm tow (SNK MR test). Areal densities estimated from the stove pipe and 100-cm tow were equivalent (SNK MR test), but the volumetric density estimate was higher for the stove pipe than the 100-cm tow (SNK MR test). It was unclear which sampling method was the best with respect to estimation of T. salva density, so data for each method were pooled to avoid under-or overestimation. All results reported hereafter for T. salva are pooled results unless stated otherwise.
Telebasis salva was univoltine in Montezuma Well (Fig. 1) , and had a long flight season with adults observed from early March through midNovember. The first major increase in 1-2 mm nymphs occurred in early May and the 1-2-mm size class made up 30 to 76% of the larval population until mid-December (Table 2 The largest size class observed in the field was 14-15 mm before spring emergence of adults after overwintering. The average duration of larval development for T. salva from the 1-2-mm size class to adult emergence was 270 d in the laboratory at 21?C (Table 3) counted for 27.3% of the total annual production. Annual P/B ratio was 10.0 and cohort P/B ratio was 7.5. The rate of production for the stove pipe, 50-cm tow, and 100-cm tow was 6.7, 9.2, and 8.2 g dw m-2 yr-~, respectively.
The average (? 1 SE) energy value for T. salva nymphs was 20 + 0.1 joules/mg dw (n = 9). The rate of annual energy production for T. salva was 1.58 x 105 J m-2 yr-1 and total energy incorporated into T. salva in Montezuma Well was 5 x 108 J/yr. Significantly more amphipods (Hyalella montezuma) were collected by the 50-cm tow than the 100-cm tow (Table 6 ) and adult amphipods (> 4 mm) occurred at a significantly higher density than juveniles (<3 mm).
The average (? 1 SE) density of Belostoma bakeri, pooled over the three collection methods, was 50 ? 2.6 animals m-2 yr-1 (n = 648) and ranged seasonally from 3 to 165 animals/m2. The densities of B. bakeri differed significantly among collection methods for areal (p < 0.001) and volumetric (p < 0.001) estimates. The pattern of significance was the same for both areal and volumetric estimates, with the stove pipe collecting more animals than the 50-cm tow, which was greater than the 100-cm tow (SNK MR test).
Discussion
The annual productivity (7.9 g dw m-2 yr-1) of Telebasis salva in Montezuma Well is an order of magnitude higher than any previous estimate of production for damselflies and is comparable to that reported for multi-species assemblages of larval dragonflies (Table 7) . Estimates of production for damselflies have ranged from 0.03 to 0.7 g dw m-2 yr-~ and from 0.42 to 8 g dw m-2 yr-' for dragonflies. High production can result from either high standing stock biomass, rapid rate of biomass turnover, or a combination of both factors (Benke 1984) . Telebasis salva displayed both high standing stock biomass and rapid biomass turnover rate.
The standing stock biomass (B = 0.783 g dw/ m2) of T. salva was substantially higher (3 x) than has been reported for other damselfly species (Table 7) , which range from 0.0018 to 0.28 g dw/m2. As with production, standing stock biomass of T. salva is comparable to that reported for dragonflies, 0.115 to 2 g dw/m2 (Table 7). Standing stock biomass was generally higher for smaller size classes (-5-6 mm), but was fairly evenly distributed among all size classes.
The density of T. salva nymphs in Montezuma Well is higher than any estimate reported for odonate assemblages. The average density of T. salva nymphs was 4264 larvae m-2 yr-1 and ranged from 209 nymphs/m2 in mid-April to 12,301 nymphs/m2 in mid-August. Previously, McPeek (1990a) reported 1502 Enallagma aspersum nymphs/m2 and total damselfly density (6 species) of 2100 nymphs/m2 for a fishless Michigan reservoir during August. Benke and Benke (1975) reported over 1300 Celithemis fasciata nymphs/m2 and total larvae dragonfly density (8 species) of over 1700/m2 during July through September for a South Carolina pond that contained fish.
The density of animals, and presumably biomass and production, were higher in the top 50 cm of the littoral water column in Montezuma Well than in the 50-100 cm stratum. The 50-cm tow and stove pipe collected significantly more T. salva nymphs, Belostoma bakeri, and Hyalella montezuma (not counted for the stove pipe) on a volumetric basis than the 100-cm tow. The density of another major invertebrate predator, Ranatra montezuma (Heteroptera:Nepidae), was [Volume 12 The estimated prey production required to support the production of T. salva in Montezuma Well was 18.6 g dw m-2 yr-l. This quantity was estimated by dividing the annual production of T. salva (7.9 g dw m-2 yr-1) by the product of assimilation and net production efficiencies of the damselfly nymph Pyrhosoma nymphula, because these parameters were not estimated for T. salva. Lawton (1970) reported assimilation and net production efficiencies for P. nymphula larvae of 85% and 50%, respectively, giving a gross production efficiency of 42.5%. We have already (Runck and Blinn 1990) estimated that 4.0 g dw m-2 yr -of prey production was necessary to support production of R. montezuma. Using the same assimilation (50%) and net production (50%) efficiencies for B. bakeri that we used for R. montezuma, we estimate 11.3 g dw m-2 yr-1 of prey production would be necessary to support production of B. bakeri. Based on the above calculations, production of H. montezuma alone (215 g dw m-2 yr-1) provides enough energy to support production of T. salva, R. montezuma, and B. bakeri (33.8 g dw m-2 yr-1).
In Montezuma Well, mortality was higher for smaller size-classes of T. salva nymphs than larger size-classes (Table 4) . In fishless systems, invertebrate predation would be expected to be greater on smaller size classes, whereas in systems containing fish, predation by fish would be greater on larger size classes. A 99.6% reduction in the density of T. salva nymphs occurred between the 1-2-mm and 12-13-mm size classes. Odonates typically have a larval mortality of 78 to 99.5% (Macan 1964 , 1966 , Lawton 1970 , Benke and Benke 1975 , Benke 1976 ).
Furthermore, mortality was higher for 2-3 mm T. salva nymphs (62.2%) than for 1-2 mm nymphs (52.2%) and may reflect the oviposition behavior of this species. Telebasis species commonly oviposit eggs in dense algal mats (Smith and Pritchard 1956), areas not generally inhabited by large predators (personal observations). Algal mats are abundant in the littoral zone of Montezuma Well during the summer and provide a physical refuge from larger predaceous insects for newly eclosed (1-2 mm) T. salva nymphs. Preliminary data showed the average (? 1 SE) size of T. salva nymphs in algal mats was 1.9 ? 0.1 mm (n = 6). As nymphs grow, they leave the algal mats to forage on larger prey (e.g., H. montezuma) not found in the mats and thereby experience higher predation mortality.
Components of mortality for T. salva nymphs could include lack of sufficient food, predation, and cannibalism of smaller individuals by larger size classes. The high production of H. montezuma suggests sufficient food is available for T. salva. The high density of T. salva nymphs may lead to a higher occurrence of intraspecific interactions between nymphs. These interactions may result in nymphs walking or swimming more often. Odonate larvae from fishless systems are generally more active (walking, swimming, behavioral displays) and thus more conspicuous than larvae from systems with fish (McPeek 1990b). Predation by R. montezuma and B. bakeri may be significant in the fishless Montezuma Well ecosystem if T. salva behaves in the pattern proposed by McPeek (1990b).
Cannibalism can be a major source of larval mortality for odonates (Johnson 1991) . Al-though we have no data on the incidence of cannibalism for T. salva, the asynchronous emergence and long flight season for T. salva resulted in considerable size overlap among cooccurring larvae (Table 2) Annual P/B is dependent on the cohort production interval, CPI (Benke 1984) . A short CPI results in a high annual P/B and biomass turnover rate. A high annual P/B could result from overestimation of production, underestimation of mean annual biomass, a combination of the two, or error in the CPI. The lab-derived CPI and Pa for T. salva may not be the same as for the field. However, the constant warm temperature of Montezuma Well probably reduces any error associated with rearing T. salva at a constant temperature in the laboratory. One possible source of error for the lab-derived CPI is the ad libitum feeding of the nymphs. Feeding rates were probably maximal in the rearing chambers because competitors and predators were absent and the escape space for prey was limited. However, rapid development of T. salva larvae in the field would not be surprising given the warm water temperature and abundant prey in Montezuma Well.
The cohort P/B ratio for T. salva (7.5) was also high compared with other odonates. Cohort P/B ratios for aquatic insects that emerge as adults from aquatic habitats are typically between 2 and 5 (Waters 1987). The amount of mortality incurred by a population has the greatest effect on the cohort P/B ratio, with higher mortality resulting in higher P/B ratios (Waters 1969 , Allen 1971 , Rigler and Downing 1984 . Cohort P/B can be overestimated by the same errors described for annual P/B and if the Pe/Pa correction is not used with the size-frequency method (Waters 1987) .
Our data suggest that high larval mortality (99.6%) contributes to the high cohort P/B ratio for T. salva. Waters (1969) proposed that the ratio of final to initial population size, i.e., mortality, had the greatest effect on cohort P/B and suggested that the expected ratio of final to initial population size for aquatic insects that emerge from the aquatic habitat might be approximately 10%. Using the annual density of 1-2 mm nymphs as the initial population size and the density of 12-13 mm nymphs as the final population size from Table 4 , the ratio of final to initial population size is 0.4%, substantially lower than the 10% proposed by Waters (1969) .
